The Jarman-Bell principle seeks to explain why smaller herbivore species tend to select higher-quality forage (high protein and high fiber digestibility) than larger herbivore species. This principle may also provide insight into intraspecific differences in resource use in species with pronounced sexual size dimorphism. We examined the relationship between body mass and diet quality in a sexually dimorphic macropodid community comprising larger (17-55 kg) eastern and western gray kangaroos, Macropus giganteus and M. fuliginosus, and smaller (7-23 kg) red-necked and swamp wallabies, M. rufogriseus and Wallabia bicolor. We determined diet composition through microhistological analysis of fecal pellets, and then assessed diet quality by measuring available nitrogen and fiber (cellulose and hemicellulose) in the plants consumed. We predicted that the smaller species and smaller individuals within species would consume the highest-quality diets. The concentration of fiber consumed differed significantly among species; available nitrogen concentration did not. As predicted, the lowest-fiber diet was consumed by a wallaby (small species) and the highest-fiber diet was consumed by a kangaroo (large species). Contrary to predictions, we detected no sex-based differences in diet quality. However, large male red-necked wallabies consumed diets containing harder-to-digest fiber than small male red-necked wallabies. Body mass and diet type were related between and within species. However, body mass did not account for all differences in diet quality between species; swamp wallabies consumed less fiber than similarly sized red-necked wallabies. These differences are likely related to other adaptations that allow swamp wallabies to better tolerate tannin-rich browse-dominated diets.
Many aspects of herbivore biology and ecology, from anatomy and physiology to behavior, can be best understood in the context of diet. Oral and dental morphology (Illius and Gordon 1987) , gut morphology and digestive physiology (Demment and Van Soest 1985; Clauss et al. 2007) , and foraging and social behavior (Jarman 1974; Hofmann 1989 ) are all related to maximizing the efficiency with which energy and nutrients can be obtained from an animal's environment. The relationship between diet quality and body mass is considered to be particularly influential. The Jarman-Bell principle (Bell 1971; Jarman 1974) predicts that smaller herbivores should select higher-quality forage (high protein and high fiber digestibility-but see Clauss et al. 2013 ) than larger herbivores, at least during resource-limited periods (de Iongh et al. 2011; Clauss et al. 2013) . Indeed, this predicted negative relationship has been demonstrated across a range of taxa, including ungulates (Cromsigt and Olff 2006; Codron et al. 2007b; Sensenig et al. 2010; Steuer et al. 2014) , macropodid marsupials (Jarman and Phillips 1989; Arman and Prideaux 2015) , primates (Gaulin 1979) , rodents (Smith 1995) , and reptiles (Franz et al. 2011) .
Initial examinations of the mechanism for this relationship focused on the suggested superior digestive capabilities of larger herbivores relative to their metabolic rate (e.g., Demment and Van Soest 1985) . However, recent studies have shown that while captive larger herbivores can eat more food relative to metabolic requirements due to larger relative gut capacity, they have no digestive advantage (Müller et al. 2013) . Furthermore, small captive herbivores can digest low-quality food to the same extent as large herbivores (Steuer et al. 2014 ). The body size-diet quality relationship is therefore more likely due to either the superior ability of smaller herbivores to select higher-quality food (due to smaller mouthparts), or the necessity for large herbivores to include low-quality items in the diet due to the low absolute availability of high-quality food (McArthur 2014) .
The Jarman-Bell principle also provides insights into intraspecific differences in resource use. Sexual size dimorphism can be pronounced in herbivores and body mass may explain differences in the diets of males and females in sexually dimorphic species (Mysterud 2000) . For example, the consequences of intersexual metabolic scaling for foraging behavior form the basis of the scramble competition hypothesis (Clutton-Brock and Harvey 1987; Miranda et al. 2012) for sexual segregation of diets in ruminants. Because incisor arcade size scales with body mass, but less rapidly than do energetic requirements (Illius and Gordon 1987) , this hypothesis predicts that each bite provides less of the daily requirements for an average male than for a relatively smaller female. Consequently, females, which are smaller, can more effectively harvest a short sward, so are more competitive when forage biomass is limiting. Consistent with these ideas, differences between diet quality of males and females have been reported for a range of large, sexually dimorphic, terrestrial herbivores (Ruckstuhl and Neuhaus 2002) , marine carnivores (Beck et al. 2007) , and sea birds (Forero et al. 2002) .
In species that display indeterminate body growth (e.g., some fish and lizards-Charnov and Berrigan 1991; kangaroos- Coulson et al. 2006) , there may be a wide range of body masses within a sex (Weckerly 1998) . This allows the opportunity to test body size-diet quality relationships at the finest, intrasexual scale. While intrasexual differences in resource use have rarely been quantified, they have been detected in western gray kangaroos (Macropus fuliginosus- Coulson et al. 2006 ), but not in red deer (Cervus elaphus- Miranda et al. 2012) .
Understanding the factors influencing animal behavior across scales helps define the hierarchical functioning of ecosystems and landscapes (O'Neill et al. 1986; Urban et al. 1987) . Simultaneous investigations of body mass-diet quality relationships at interspecific and intraspecific scales will provide novel insights, and help to determine the factors influencing diet selection across 2 important scales of faunal community organization. To do this, we examined the relationship between body mass and diet quality, which we characterized using the amount and digestibility of nitrogen and fiber in the diet, in a community of macropodid marsupial herbivores at both the interspecific level and the intraspecific level. This community is ideal for testing the relationship between body mass and resource use. Firstly, facilitation effects, where trampling and grazing by large herbivores enhance food resources for smaller herbivores (Bell 1971; Wegge et al. 2006) , are mostly absent in natural Australian ecosystems, as the herbivorous megafauna underwent extinction in the late Holocene (Johnson 2006) . Therefore, all ground and shrub-layer forage is available to all macropodid herbivores at the same time. Secondly, all macropodids are foregut fermenters (Hume 1999) , so the use of food resources is not confounded by major differences in gut morphology. Elsewhere, the site of digestive fermentation (e.g., foregut versus hindgut) plays a key role in influencing diet selection (Clauss et al. 2007; Sensenig et al. 2010) . Thirdly, large macropodids are sexually size dimorphic (Jarman 1989) , and habitat or diet segregation have been reported in the 5 largest and most dimorphic species (MacFarlane and Coulson 2005) . Finally, due to indeterminate body growth, mature male macropodids show strong heteromorphism (Jarman 1989) .
Our 4 study species were the western gray kangaroo (Macropus fuliginosus), eastern gray kangaroo (M. giganteus), red-necked wallaby (M. rufogriseus), and swamp wallaby (Wallabia bicolor). We predicted that the 2 smaller species, the wallabies (7-23 kg), would consume higher-quality diets (high in available nitrogen and low in fiber -Bell 1971; Jarman 1974) than the 2 larger kangaroo species (17-55 kg). Within species, we predicted that the relatively smaller females would use higher-quality diets than the relatively larger males, assuming that body mass is strongly associated with diet quality (Main et al. 1996; Ruckstuhl and Neuhaus 2002) . Further, we predicted that the smaller adult individuals of each sex would use higher-quality diets than larger members of their sex (Coulson et al. 2006 ).
Materials and Methods
Site description and study species.-This study was conducted in the Victoria Valley, Grampians National Park, Victoria, southeastern Australia, between November 2009 and March 2010. The climate is strongly seasonal, with warm dry summers and cool wet winters. Maximum flowering and shoot growth of plants occurs in spring, as dry summer conditions significantly limit plant growth (Specht 1969) . The study period was therefore likely to have included the period of greatest resource limitation for the study species. The area was a wide, flat alluvial plain with poorly drained, sandy soils. To facilitate capture of macropodids for a related study (Garnick et al. 2014) , the 640-ha study site was centered on an unfenced airbase with two 80 × 800-m grassy runways. The runways were infrequently used but regularly mown to inhibit regeneration of heath species, and supported a low, heterogeneous sward of native and introduced grasses and herbs. The surrounding vegetation consisted of heathland (low, dense shrub layer and few grasses or forbs) and heathy or shrubby woodland on drier soils. More-fertile soils supported open, forb-rich woodlands. Poorly drained soils supported either damp shrubland or seasonally dry wetlands. For details of vegetation communities, see Supplementary Data SD1. Less-available habitats included the low, grassy heathland of the mown airstrip (2% total area), seasonally dry wetlands (2%), forb-rich woodlands (4%), and damp heath (8%); the remaining vegetation types were each > 10% of the total study area, which was delimited by a 95% convex polygon encompassing all records of animals radiotracked for another aspect of this work (see Garnick et al. 2014) .
The 4 macropod species differ ecologically and morphologically (Supplementary Data SD2). Males and females were socially aggregated during our study, which overlapped the breeding season. Despite this, sexual segregation in microhabitat and diet was expected during this time (e.g., Garnick et al. 2014) . Camera-trapping surveys in 2012 showed that while eastern gray kangaroos were associated only with herbrich woodland or seasonally dry wetland, the other 3 species were widespread and abundant (Garnick et al. 2016 (Sikes et al. 2016) .
Analysis of diet composition.-Microhistological analysis of epidermal fragments in fecal pellets was used to characterize diet. The inaccuracies associated with fecal analysis include potential differential digestibility of plant cuticles, the potential for laboratory processing to bias samples towards particular fragment sizes (Norbury 1988) , and limited taxonomic resolution of plant species. However, there is good evidence that these issues do not significantly alter the estimated composition of herbivore diets (Holechek et al. 1982) .
Fresh fecal pellets (moist and green outside) were collected following observation of an individual defecating. Wherever possible, samples were collected from marked individuals (Garnick et al. 2014 ), but some samples were taken from unmarked animals to boost sample sizes. Fecal samples were collected as evenly as possible throughout the 5-month study period, ensuring an unbiased data set despite change in the quality of some plant species expected over this time. A maximum of 2 samples per marked individual were used in the analyses. Pellets that came from unmarked individuals were assumed to be from different animals and were coded as such in our analyses. For red-necked wallabies and western gray kangaroos, approximately 20 samples per sex were collected (red-necked wallaby ♂ = 22, red-necked wallaby ♀ = 18, western gray kangaroo ♂ = 19, western gray kangaroo ♀ = 21). However, too few samples could be collected to allow comparison between sexes of swamp wallabies due to their cryptic behavior (♂ = 6, ♀ = 5, sex unknown = 7) and of eastern gray kangaroos due to their low population density (♂ = 4, ♀ = 9, sex unknown = 9). The majority of samples came from marked animals (see Supplementary Data SD2 for total numbers of marked animals at the study site).
Plant and fecal material were prepared for microhistological analysis following Norbury (1988) and Forsyth and Davis (2011) . In brief, a reference collection of 163 plant species from the study area was compiled and was used in conjunction with descriptions of diagnostic features to identify the plant fragments in fecal samples. Where multiple fecal pellets were available in a sample, we sub-sampled multiple pellets to give the total volume of 1 pellet; otherwise we used 1 single pellet. Fecal pellets were digested in 4% chlorine bleach solution until most of the material was transparent (between 1-3 h). Following Katona and Altbächer (2002) , 100 epidermal fragments per fecal sample were identified using the point-quadrat method (Norbury 1988) .
Several plant species in the diet could be identified with a high degree of confidence based on distinct features including hair structure and the shape and arrangement of epidermal cells. However, there was considerable overlap among many species in epidermal features used for microscopic identification, and confidence was low in species-level identifications. In contrast, fragments were confidently identified to family level and to genus in most cases. We chose to report and analyze data at the level of genus as a compromise between data resolution and identification errors.
Analysis of diet quality.-Plants analyzed for measures of nutritional quality were selected at the genus level (see above). To determine the genera constituting the core diet of each species, a SIMPER analysis based on a Bray-Curtis resemblance matrix was run on counts of plant epidermal fragments from each genus in fecal samples, using PRIMER 6 (Clarke and Gorley 2006) . This analysis generated an average similarity score for each macropodid species and decomposed it into proportional contributions from each plant genus, indicating the extent to which particular genera characterized the diet. Based on this analysis, the core diet was represented by the genera that together contributed ≥ 85% of the average similarity for a species (Supplementary Data SD3), which yielded 12 genera in total.
Plant specimens for chemical and nutritional quality analysis were collected at the same time as specimens for the reference collection. Specimens were air-dried in the field between layers of newspaper and, wherever possible, species within each genus were represented by multiple individuals collected throughout the sampling period and across the study area. Samples included all terminal leaves and stems of shrubs, whole graminoids above the roots, and entire creepers. Plant quality may vary temporally (Zweifel-Schielly et al. 2012) as well as between individual plants (Moore et al. 2013) , and plant parts (Moore et al. 2013 ). Moreover, macropodids may eat some plant parts more than others (Jarman 1974) . Our methods were unable to capture such high-resolution effects because it is not possible to consistently differentiate plant parts of different ages for all plant species using microhistological analysis.
Dried plant samples were ground in a Retsch Mixer Mill MM301 (Retsch GmbH, Germany) at 20 Hz for 3 min, or until the material was homogenized. Total nitrogen, in vitro nitrogen digestibility, available nitrogen (the product of total nitrogen and in vitro nitrogen digestibility), and dry matter digestibility were estimated following DeGabriel et al. (2008) . Total nitrogen (a proxy for total protein) indicates all nitrogen present in leaf tissue, but gives no indication of its biological availability. Available nitrogen incorporates both the total amount of nitrogen and its digestibility, as tannins significantly reduce the digestibility of nitrogen in many browse species (DeGabriel et al. 2008) . Available nitrogen, therefore, takes the digestioninhibiting effect of tannins into account. Because digestibility is strongly influenced by the thickness and composition of plant cell walls, the profile of various fiber fractions are good indicators of digestibility (Van Soest 1994) . Samples were analyzed for neutral detergent fiber (NDF: the entire fiber fraction including lignin, cellulose, and hemicellulose but not pectin), acid detergent fiber (ADF: portion of cell wall including cellulose and lignin), and lignin (acid detergent lignin [ADL]) by FeedTest commercial laboratory (Werribee, Victoria, Australia). Hemicellulose was calculated as NDF-ADF and cellulose as ADF-ADL (Van Soest 1994). The digestibility of hemicellulose and cellulose is significantly affected by the extent of lignification and by the presence of tannins, which can be bound to fiber and inhibit enzyme activity. Generally, hemicellulose is more digestible than cellulose (Van Soest 1994) . Grasses are typically higher in hemicellulose, whereas woody plants are relatively higher in cellulose (Codron et al. 2007a ). These analyses resulted in 8 variables representing various aspects of plant quality. Many of the 12 focal genera had multiple species present at the site, in which case each variable was derived separately for all species within each genus that were positively identified in the diet (Supplementary Data SD4).
Data on plant quality and plant consumption were combined into a diet-quality index reflecting the quality of the diet within each fecal sample. For each of the 8 plant quality variables (Supplementary Data SD4), the index was calculated as
where n i is the number of fragments of genus i in the fecal sample, q i is the quality value of genus I, and n is the total number of fragments of the genera that comprised ≥ 85% of the diet (dividing by n acted to control for the differing number of fragments within each fecal sample for which data on quality were available). Because plant quality was quantified at the species level, we calculated q as the average quality value of all species within a genus identified in the diet. In cases where 2 fecal samples were from a single individual, the average quality was used for subsequent analysis. For comparison purposes, data on the mean percent dry weight of nitrogen and fiber fractions for each macropod species, separated by sex, are presented in Supplementary Data SD6 and SD7.
Statistical methods: interspecific analysis.-An ordination of the diet composition data was run in PRIMER using a BrayCurtis similarity matrix. Differences between macropodid species were tested using PERMANOVA, with species specified as a fixed factor and individual identity nested within species as a random factor to account for multiple samples per individual.
Multinomial logistic regression was used to model the relationship between macropodid species (the response) and diet-quality variables (the predictors). Multinomial logistic models are an extension of traditional logistic regression where the response variable can have more than 2 categories. Models were run with the VGAM package (Yee 2013) in R v3.0.1(R Development Core Team 2013) and used to predict the probability that each macropodid species was associated with values of modeled diet-quality predictors. The predictions were constrained to sum to 1 across the 4 macropodid species for any given value of the predictors. Initially there were 8 diet-quality predictor variables (Supplementary Data SD4) but the values of several were substantially correlated. A reduced set of variables was chosen by examining Pearson's correlations between pairs, assuming that high correlations (r > 0.7) represented a degree of redundancy. For analysis, we chose 3 variables (available nitrogen, hemicellulose, and cellulose) that were substantially uncorrelated (r (avail. N: hemi) = −0.41, r (avail. N: cell) = 0.06, r (hemi: cell) = −0.39) and included both nutritionally positive-attractive (available nitrogen) and nutritionally negative-inhibitory (hemicellulose and cellulose) variables. At least 1 of the 3 variables that were retained was strongly correlated (r ≥ 0.73) with at least 1 of the variables that were dropped.
Models were built that included a) each variable as a single predictor, b) all pairs of variables in both additive and interactive combinations, and c) a model containing the additive effect of all 3 variables. Although there may have been more complex, biologically relevant models, model complexity was limited to 3 additive terms to avoid over-fitting. Prior to analysis, each of the predictor variables was centered to reduce the correlation between interaction terms and the main effects. Models were compared using the small sample-size adjustment of Akaike's Information Criterion (AICc) and Akaike weights, and model fit was assessed using adjusted deviance squared. The best model included an interaction between 2 variables, and to represent this graphically, predictions were generated for 1 variable holding the other at both a high (90th percentile) and a low (10th percentile) value, 2 extreme diets.
Statistical methods: intraspecific analysis.-Due to the small sample of data from eastern gray kangaroos and swamp wallabies, intraspecific analyses were conducted only for red-necked wallabies and western gray kangaroos. For comparative purposes, data for all species are presented in Supplementary Data SD6 and SD7. For western gray kangaroos and red-necked wallabies, multivariate differences between sexes were tested using PERMANOVA, with the same model structure described for the interspecific analyses above.
For red-necked wallabies and western gray kangaroos, mixed-effects logistic regression models were run to quantify the relationship between sex (the binary response variable: males 1 and females 0) and diet quality. Individual ID was specified as a random factor to account for the fact that 2 dietquality values came from some individuals. We ran the same set of models as described above for the interspecific analysis and compared them using (AICc) and Akaike weights. R 2 for fixed effects were computed using the method of Nagelkerke (1991) . Full models are presented in Supplementary Data SD5. The analysis was run in the R statistical environment (R Development Core Team 2013) using packages lme4 and MuMIn (Barton 2014) .
Statistical methods: intrasexual analysis.-Regression analysis was used to determine the relationship between diet quality and body mass within each sex. Linear mixed models were built in R v3.0.1 with package nlme (Pinheiro et al. 2013) using body mass as the continuous response variable, sex as a categorical predictor variable, and available nitrogen, hemicellulose, and cellulose as 3 continuous predictors. Individual ID was used as a random factor to account for the fact that 2 dietquality values came from some individuals. We used body mass data from animals captured as part of this and other work. We expected that sex would explain much of the variance in body mass, so the aim was to determine if available nitrogen, hemicellulose, or cellulose influenced body mass over and above the effect of sex. Consequently, a model was used containing only sex as a predictor as a baseline for assessing the influence of the 3 quality variables. In addition to the baseline model, another 6 models were built including sex and each of the 3 quality variables in an additive and interactive combination (e.g., body mass ~ sex + hemicellulose; body mass ~ sex × hemicellulose). Only 1 continuous predictor variable was used per model to avoid over-fitting; the red-necked wallaby analysis was based on 39 samples from 23 individuals (10♀, 13♂) and the western gray kangaroo analysis was based on 32 samples from 18 individuals (10♀, 8♂). As before, models were compared using AICc and Akaike weights, and model fit was assessed using adjusted deviance squared.
results
Interspecific comparison of diet composition.-Macropodid species explained a significant amount of variation in proportional diet composition by plant genus (Pseudo-F 3, 95 = 8.82, P = 0.001). Furthermore, tests between macropodid species pairs indicated that each species' diet was significantly different from every other species (P = 0.001 for all comparisons, except for the red-necked wallaby-swamp wallaby contrast where P = 0.03; Fig. 1 ).
Eastern and western gray kangaroos consumed predominantly monocotyledonous material (79% and 68%, respectively; Fig. 2A ). Nevertheless, their diets differed as western gray kangaroos consumed more of the rush species than eastern gray kangaroos ( Fig. 2A) . Diets of swamp wallabies were dominated by dicotyledonous material (63%), particularly the small shrub Dillwynia spp. and large shrub Acacia spp. (Fig. 2B) . Swamp wallabies also consumed a substantial amount of grass (20%), in particular Rytidosperma spp. The diet of red-necked wallabies was similarly comprised mainly of dicot material (69%), particularly Dillwynia spp. (Fig. 2B) . Other small and large shrubs made minor contributions to the diet. Neither wallaby species consumed very much rush material.
Interspecific diet-quality differences.-The best model predicting macropod species identity from diet quality included the interaction between cellulose and hemicellulose but not available nitrogen (Table 1 ). In general, the model showed that species identity could be explained by hemicellulose consumption, but that this relationship depended on the amount of cellulose in the diet. Models containing available nitrogen had low Akaike weights.
Overall, kangaroos were more likely to consume diets high in hemicellulose than were wallabies (Fig. 3 ). There were 2 exceptions to this pattern: red-necked wallabies were likely to consume diets high in hemicellulose when cellulose consumption was low (Fig. 3C) , and diets high in hemicellulose were unlikely to be consumed by eastern gray kangaroos when their cellulose consumption was high (Fig. 3B) .
The way hemicellulose and cellulose consumption interacted to predict macropod species identity differed among species, providing insights into differences in diet quality between the 2 wallabies and the 2 kangaroos. The probability that a fecal sample was produced by a swamp wallaby was highest when hemicellulose and cellulose consumption were low. In contrast, the probability that a sample belonged to a red-necked wallaby could be high at both low and high hemicellulose consumption, depending on the amount of cellulose (Figs. 3A and 3C) . Similarly, the probability that a sample belonged to a western gray kangaroo was highest when hemicellulose and cellulose consumption were high. However, the probability that a sample belonged to an eastern gray kangaroo was only high when hemicellulose consumption was high but cellulose consumption was low (Figs. 3B and 3D) .
Intraspecific comparison of diet composition.-PERMANOVA revealed that the diets of male and female rednecked wallabies did not differ (Pseudo-F 1, 24 = 1.61, P = 0.13; Fig. 4A ). In contrast, male and female western gray kangaroos consumed different diets (Pseudo-F 1, 28 = 2.28, P = 0.02; Fig. 4B) ; females consumed more Lepidobolus sp., whereas males consumed more Aira spp. and Lepryodia sp.
Intraspecific differences in diet quality.-Diet quality did not differentiate between males and females for either red-necked wallabies or western gray kangaroos. For both species, the null model had the lowest AICc value, and R 2 values associated with all models were very small (< 4 % for red-necked wallabies and < 1% for western gray kangaroos). Full model selection results are presented in Supplementary Data SD5.
Intrasexual differences in diet quality.-At a finer scale, models including either an interaction between sex and hemicellulose or an interaction between sex and cellulose had similar abilities to predict the body mass of red-necked wallabies (Table 2 ; Fig. 5 ). The observed effects were driven by males; smaller males consumed more hemicellulose (Fig. 5A ) and less cellulose (Fig. 5B ) than larger males, whereas females consumed similar amounts of hemicellulose and cellulose irrespective of body mass (Figs. 5A and 5B). The top model for western gray kangaroos included an effect of sex only, and models containing variables about quality had low Akaike weights ( Table 2 ). As such, the difference in body mass in western gray kangaroos was related only to sex, not to diet quality.
discussion
The relationship between body mass and diet quality is a key factor for understanding herbivore ecology and evolution. For example, higher body mass has been associated with poorerquality diets at both interspecific (e.g., Sensenig et al. 2010) and intraspecific (e.g., Mysterud 2000) scales. Our study examined whether the predicted negative relationship between diet quality and body mass was supported across 3 scales ranging from interspecific to intrasexual, providing novel insights into the drivers of diet choice at different levels of community organization. Further, our data represent an unprecedented (c.f. Sensenig et al. 2010; de Iongh et al. 2011 ), higher-resolution reflection of foraging choices, because we quantified the nutritional quality of plants of which fragments accounted for ≥ 85% of each species' diet, and used free-ranging animals as replicates. All 4 species consumed different, but compositionally overlapping diets. The 2 wallaby species were predominantly browsers, whereas the 2 kangaroo species were predominantly grazers. Swamp wallabies (a small species) consumed the lowest-fiber diet, and western gray kangaroos (a large species) consumed the highest-fiber diet. This is consistent with recent findings for ungulates (Cromsigt and Olff 2006; Sensenig et al. 2010; Steuer et al. 2014) . However, the response of eastern gray kangaroos (large species) and red-necked wallabies (small species) was intermediate; their response to hemicellulose depended on the level of cellulose. Fiber, rather than available nitrogen, was most important in explaining differences in diet quality with increasing body mass. Similarly sized species pairs showed differences in diet quality unrelated to body mass, suggesting that intrinsic factors related to food processing (Jarman 1974; Demment and Van Soest 1985; Steuer et al. 2014 ) and reproductive strategies (Clutton-Brock and Harvey 1987; Mysterud 2000) also may be important influences on diet quality.
Although available nitrogen drives forage selection in livestock (Rutter 2006) and influences reproductive success in other herbivores (DeGabriel et al. 2009; McArt et al. 2009 ), available nitrogen did not explain differences between species' diet choices at our site. Similarly, total nitrogen (not available nitrogen as used in this study) did not explain diet selection by 2 macropodid species (Di Stefano and Newell 2008; Rafferty et al. 2010) , nor in 2 ungulate species (Owen- Smith and Novellie 1982; Zweifel-Schielly et al. 2012) . Total nitrogen is not a true reflection of biologically available nitrogen (DeGabriel et al. 2008; Wallis et al. 2010) , due to the action of plant secondary compounds like tannins (Iason 2005) . Predictions about forage quality based on total nitrogen may therefore be misleading (DeGabriel et al. 2008) .
Alternatively, nitrogen may not be the most appropriate currency for macropodid diet selection. Compared with similarly sized placental grazers, macropodids have 20-30% lower maintenance requirements for protein, and their kidneys have a superior nitrogen-recycling capacity (Hume 1999; Dawson 2012 ). How to best assess an individual or species' diet quality is challenging; a low-quality diet could include a high content of plant secondary metabolites, low protein content, high content of hard-to-digest fiber, or a combination of these factors (Clauss et al. 2013 ). Different anatomical and physiological adaptations also interact with chemical and physical characteristics of the diet to determine its quality for individual species (Foley et al. 1999 ). Furthermore, nutrient maximization or toxin minimization is unlikely to be the ultimate goal of diet selection, as animals need multiple nutrients in changing amounts and balance (Simpson and Raubenheimer 1995) . Table 2 .-Candidate models and Akaike weights for predicting body mass from diet quality among red-necked wallabies (Macropus rufogriseus, n = 40) and western gray kangaroos (M. fuliginosus, n = 40), in Victoria Valley, Grampians National Park, Victoria, Australia. Only the top 4 models are presented for each species. The best model is represented by ΔAICc = 0. P-values are not for the overall regression; rather they are for the main effect or the interaction term, after fitting the main effect of sex. All P-values for sex = < 0.0001. While swamp wallabies consumed diets lower in fiber than did western gray kangaroos, the intermediate responses of eastern gray kangaroos and red-necked wallabies were not predicted by theory. We found opposing responses within the niche space of hemicellulose and cellulose content between both similarly sized species pairs: swamp wallabies and eastern gray kangaroos consumed lower levels of cellulose and hemicellulose than red-necked wallabies and western gray kangaroos, respectively. On the basis of these fiber measures, swamp wallabies and eastern gray kangaroos consumed higher-quality diets than their respective paired species. Although similarly sized pairs ate functionally similar diets (based on the graze: browse ratio), their diets differed at a finer scale. While body mass can explain some of the variation in diet quality, our results show that intrinsic interspecific differences in dietary requirements and the capacity to process diets (Steuer et al. 2014) , as well as the distribution of high-and low-quality foods within the environment (e.g., Clauss et al. 2013) , are clearly important.
For example, in response to tannin-rich diets, many herbivores secrete varying levels of proline-rich proteins in saliva (McArthur et al. 1995) , which may affect our interpretation of "high-" and "low-" quality diets. Tannins preferentially bind to these proteins over dietary proteins and digestive enzymes, thereby increasing protein availability (Robbins et al. 1991) . The secretion of proline-rich salivary proteins varies by species; grazing macropodids have 4-8 times lower secretion rates of salivary tannin-binding proteins than the swamp wallaby (McArthur et al. 1995) . Differential secretion of proline-rich salivary proteins also may explain why available nitrogen was unimportant in explaining species differences in diet quality in our study, because our interpretation of available nitrogen was not the same for each of the 4 species. So, while tanniferous browse might be a poor-quality diet for a grazer, it may be highquality food for a browser.
Our second prediction was that the relatively smaller females would use higher-quality diets than males if body mass had a greater effect on diet quality than other factors (Clutton-Brock and Harvey 1987; Main et al. 1996) . We found no support for this prediction, as the odds of individual red-necked wallabies and western gray kangaroos being male compared to female was not associated with any of the 3 diet-quality variables we used. These findings are consistent with several studies on large herbivores (reviewed in Mysterud 2000) where no differences were found in the quality of diets of males and females. This result is particularly interesting within western gray kangaroos, as males and females consumed botanically different diets, but of similar quality.
It is possible that foraging decisions by both western gray kangaroo and red-necked wallaby females were influenced by their reproductive status, as most females had large dependent young during our study. To mitigate the predation risks associated with having large dependent young, females often move to safer but nutritionally suboptimal habitats (Banks 2001; Hamel and Côté 2007) . While the distribution of female herbivores is often driven by the distribution of risks and resources in the environment (Dammhahn and Kappler 2009) , in polygynous species the distribution of males is driven by the availability of receptive females during the mating season (Clutton-Brock 1989) . Consequently, males may forage in habitats that are suboptimal, as they may be outcompeted by females for the bestquality forage (Clutton-Brock and Harvey 1987), or may accept lower-quality forage to spend more time pursuing females. For western gray kangaroos and red-necked wallabies, factors such as these may have had a stronger influence on diet quality than body mass as our study overlapped the mating period. Indeed, during the same period as this study, male western gray kangaroos used microhabitats that offered access to poorer-quality forage than microhabitats used by females (Garnick et al. 2014) , while using the same broad habitat types (Garnick et al. 2016) . In contrast, there was no difference in the use of microhabitats or habitat types between male and female red-necked wallabies (Garnick et al. 2014 (Garnick et al. , 2016 .
At the finest scale of our analysis, body mass varied with diet quality, but only among male red-necked wallabies. The levels of hemicellulose and cellulose in the diets of red-necked wallabies could be used to predict body mass; smaller red-necked wallaby males consumed higher levels of more digestible fiber, hemicellulose, while larger red-necked wallaby males consumed more of the less-digestible cellulose. While based on a relatively small sample, this result suggests a sophisticated mechanism for diet-quality differentiation within red-necked wallabies, as males and females achieved this while consuming a taxonomically similar diet, at least at the level of resolution of our study. As this pattern did not extend to female red-necked wallabies or western gray kangaroos, there are clearly other influences on diet quality within species.
Consistent with predictions, we showed that body mass and diet were related at both the interspecific and intrasexual levels, at least during the summer period. The highest-fiber diet was consumed by a large species (western gray kangaroo) and the lowest-fiber diet was consumed by a small species (swamp wallaby). While there were no differences in diet quality between males and females, large male rednecked wallabies consumed more indigestible fiber than small male red-necked wallabies. Dietary components interact (Owen- Smith and Novellie 1982; DeGabriel et al. 2008 ), and we demonstrated the importance of considering fiber fractions of differing digestibility when predicting diet quality. Contrary to other findings (e.g., Cromsigt and Olff 2006) , plant nitrogen concentration did not predict diet choice between species or sexes of different body mass. While body mass accounted for some differences in diet quality between species, there were no sex differences in diet quality within red-necked wallabies or western gray kangaroos. This variability aligns with studies of eutherian species (e.g., Mysterud 2000; Wegge et al. 2006; Clauss et al. 2007) , suggesting that body mass is an important influence on diet quality but cannot explain all observed patterns. Supplementary Data SD2. -Ecological characteristics of 4 macropodid species that occur in Victoria Valley, Grampians National Park, Victoria, Australia, derived from different sites across Australia. Supplementary Data SD3. -Plant genera that contributed ≥ 85% of the similarity in the diets, as identified by SIMPER analysis, of 4 macropodid species in Victoria Valley, Grampians National Park, Victoria, Australia. Supplementary Data SD4. -Quality of plant species in the 12 genera most frequently consumed by eastern and western gray kangaroos, red-necked wallabies, and swamp wallabies in Victoria Valley, Grampians National Park, Victoria, Australia. Supplementary Data SD5. -Models, Akaike weights, and adjusted deviance squared (D 2 ) for models predicting macropodid sex from diet quality in Victoria Valley, Grampians National Park, Victoria, Australia. Supplementary Data SD6. -Mean ± SE of dry weight of total and available nitrogen in the diets of western and eastern gray kangaroos, red-necked wallabies, and swamp wallabies in Victoria Valley, Grampians National Park, Victoria, Australia separated by sex and species. Supplementary Data SD7. -Mean ± SE of dry weight of fiber fractions in the diets of western and eastern gray kangaroos, red-necked wallabies, and swamp wallabies in Victoria Valley, Grampians National Park, Victoria, Australia separated by sex and species.
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